The concentrations of metals were determined in soil samples collected in Ait Ammar (Oued Zem, Morocco). The mean Cd, Cr, Cu, Fe, Pb and Zn contents in the mining topsoil samples were: 2.12, 135, 34.9, 214, 9.13 and 90.8 mg kg -1 , respectively. Human health risks developed from metal ingestion, dermal absorption and inhalation of soils were also evaluated. For non-carcinogenic risks, united hazard index (HI) values for children surpassed the safe level (HI=1) for Cr (13.1). Values for HI in adults (1.74) also surpassed the safe level for Cr. The HI values for Pb and Cd for children were 0.69 and 0.68, respectively. Cancer risk due to Cr surpassed the tolerable range (1E-06 to1E-04) for children (1.05E-03) and for adults (1.42E-04). Cancer risks due to Pb and Cd were within acceptable ranges for both children and adults. Furthermore, oral ingestion of soil particles contributed more highly to both carcinogenic and non-carcinogenic risk from Cr than either dermal absorption or inhalation in both children and adults.
Introduction
Mining is one of the actually bases of heavy metals in the ecosystem, and the process itself presents serious potential sources of pollution. 1 Heavy metal pollution has been a fundamental problem in the surrounding area of abandoned mine sites. These heavy metals have a potential to pollute topsoil. They can be dispersed and collected in plants and animals, and taken in by human beings as consumers. Human health risk assessment has been employed to define if exposure to a chemical, at any dose, could cause an increase in the incidence of adverse effects to human health. 2 In residential areas, surplus accumulation of heavy metals in topsoil can immediately threaten the safety of exposed inhabitants via ingestion, inhalation and dermal contact. 3 The possible toxicity of pollutants is determined by the speciation of the elements implicated. In risk assessment, oral exposures are characteristically specified in terms of the external dose or intake, instead of in terms of absorbed dose or uptake. Intake is characteristically described as the method by which an element crosses the outer exposure surface of a human without passing an absorption barrier, while uptake is the method by which an element crosses an absorption barrier into human or animal.
Risk assessment practices are well advanced and recognized in the USA. Lots of examinations have accepted human risk assessment methods by considering exposure scenarios of metal intake through polluted soil. 2 Risk assessment processes have mainly concentrated on urban areas, 4, 5 industrial areas, 6 petrochemical plants 7 or areas of mining activities. 8 Heavy metal exposure can be severe in infants and young children because of their rapid growth capabilities. The children's exposure is higher when compared to adults because of their playing activities, licking objects which may be polluted and hand to mouth habit. 9 The human health risk models including carcinogenic and noncarcinogenic risks developed by US EPA have proved successfully and adopted worldwide. Human health risk assessment (HQ and HI) studies on various exposure ways in urban and industrial environments have recently been given great importance. 10 The adverse health effects through life can be assessed by utilizing threshold RfD value. The chances of severe health effects will be lowest if the average value of average daily dose (ADD) is inferior to that of the reference dose (RfD) and the chances will be higher if the average value of ADD is higher than that of RfD.
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The human health risk assessment has been suggested by USEPA and numerous scientists have utilized it for the evaluation of exposure rate of metals on human health. 12, 13 The present study focused on evaluation of the human health risks due to selected metals exposure through contaminated soil located nearby abandoned iron mine. The study area (Ait Ammar mine site) is known by the presence of high levels of metals in soil. 14 These elements may affect the health of residents in the Ait Ammar village via their entry into the food chain of domestic livestock (cow and sheep), and the consumption of muscle, liver and kidney tissue from animals grazing over the mining area. 15 Through the present study we have investigated: (1) the contamination levels and dispersion patterns of metals in soil samples, and (2) characterization of the potential health risks in adults and children via the exposure pathways of soil ingestion, inhalation and dermal absorption.
Material and Methods
Surface soil was collected at the site of Ait Ammar iron mine (33° 04' N; 6° 38' W), which is located in the Khouribga Province, Morocco. The region's climate is Mediterranean arid to semi-arid. 14 Four sampling transects (T1, T2, T3, and T4) were selected based along the direction of iron deposits. Five sampling sites were selected along each transect, with the most distance point being 300-600 m from the first transect point (Figure 1) . So, five sampling rounds (R1, R2, R3, R4 and R5) were determined based along the distance of iron deposits (e.g. R1 contained T11, T21, T31 and T41). The samples were then heated at 100°C until dryness. After this, 3 mL of concentrated HF were added to the Teflon vessels and heated at 140°C for ≥15 h in closed vessels. After cooling, the vessels were opened and heated to dryness at 110°C. Concentrated HNO 3 (2 mL) was added and heated at 110°C to dryness. This step was repeated five times to ensure the evacuation of excess HF, since traces of HF in the sample solution would quickly deteriorate the nebulization system. HCl (25 mL) was then added, and the closed vessels were heated for 2 h at 100°C. After cooling and filtration, all Risk assessment followed a multi-step method, 16 which included data assemblage and assessment, exposure evaluation, toxicity calculation, and risk description. In this analysis, Cd, Cr, Cu, Pb and Zn were classified as potential hazardous elements with particular reference to human health. In accordance with the toxicological profiles 17 of these agents, all have toxicological health effects in humans, and some are carcinogenic (Cd, Cr and Pb induce both non-carcinogenic and carcinogenic risks). 18, 19 Contact of humans with heavy metals in mining soils may occur through three major pathways: The ADD for each agent and exposure pathway was consequently divided by the equivalent reference dose to yield a Hazard Quotient (HQ, or non-cancer risk):
The definitions of symbols, used values of particular variables and parameters are shown in Tables 1 and 2 . For carcinogens ( it was supposed that all the metal risks were additive, therefore it was possible to calculate the cumulative non-carcinogenic hazard expressed as the Hazard Index (HI):
and carcinogenic risk expressed as the total cancer RISK: * * * Generally, the higher the HQ value is above unity (1), the greater the level of concern; Thus HQ ≤ 1 proposes unlikely adverse health effects, whereas HQ > 1 proposes the probability of contrary health effects. In general, the excess cancer risks lower than 10 -6 are considered to be negligible, and cancer risks above 10 -4 are considered unacceptable by most international regulatory agencies. 16, 25 The value 10 -6 is also considered the carcinogenic target risk by the USEPA. 17 Statistical analyses were performed in PRIMER 5 (Primer-Eltd, Plymouth, UK). Similarities were found using non-metric multidimensional scaling (MSD).The similarity matrix was found with normalized Euclidean distance similarity of the metal concentration values converted as log(x+1).
Results and Discussion
Total contents of metal in the topsoil of the study area are presented in Table 3 Multi-dimensional scaling (MDS) analyses indicated that samples from the mine area were clearly separated (Figure 2 ). The plot of the MDS analysis of the metal concentrations does not reveal a clear disconnection between the soil samples (Figure 2a, b) and no gradient could be determined. This could be linked to natural processes of soil ageing and system recovery, since mining activities stopped 51 years ago.
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In fact, our results suggest that the distance (round) and direction (transect) had little effect on the metal contents. Nevertheless, the concentrations of Zn, Cr, and Fe were generally above some USA soil screening values (Table 3 ). In addition, except for Cr and Fe, all metals were below the ranges quantified by other authors 27, 28 in different Moroccan abandoned mines. For this study, the stress level applied to this study evaluated by MDS is 0.09 (Figure 2) , indicating that the two-dimensional representation is valid. The results of the non-carcinogenic and carcinogenic health risks due to metals exposures in mining soils via different pathways (ingestion, dermal and inhalation) are shown in Table 4 . From the literature on the traditional risk assessments for metals in mining soils, sites were considered to present health risks to children and adults when HI >1 and Risk>10 Further, ingestion of soil appeared to be the major route of exposure to mining soil that results in a health risk from exposure to Cu, Cr, Pb, Cd and Zn. This was followed by dermal contact and lastly inhalation (Table 4) . In conclusion, the carcinogenic risks of Cr due to mining soil exposure by oral ingestion and dermal contact cannot be negligible in Ait Ammar (exceeding the target value 10 -6 ). Carcinogenic risks for children were higher than for adults. Cr was considered as a major toxic chemical substance to human health in this mine area.
Conclusions
The present study examined the content of metals in the mining soils in Ait Ammar iron mine, Morocco. The results based on total metal concentrations were compared. Both the non-carcinogenic and carcinogenic human health risks of combined heavy metals in mining soils through oral ingestion, inhalation, and dermal contact pathways were evaluated. Cr was considered as a major toxic chemical substance to human health in this mine area. Highest risk is associated with soil particle ingestion and the noncarcinogenic health risk for children was higher than to adults. Cr cancer risk exceeds the acceptable range for children and for adults and cancer risk due to Pb and Cd were within acceptable range. Following recommendations epidemiologic investigations with a large number of participants are needed in order to evaluate the actual health effects of naturally derived contaminants to exposed population. Since all target concentrations for remediation action must be protective of human health, the framework suggested above would facilitate producing more applicable guidelines for risk assessments and defining realistic cleanup levels of mining soil contamination. 
